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For many years, cutaneous innervation has
been extensively investigated by means of sil-
ver and enzyme teehnies. The sensory end-or-
gans and plexuses have been described in great
detail, and there is now general agreement
about their structure; problems arise only
when their functional meaning or some subtle
details of structures are investigated.
However, the frequency of occurrence and
the significance of the presence of numerous
tiny fibers observed in the upper dermis are
interpreted in different ways. Rather intense
impregnations arc generally used for this
type of study and the disputed specificity and
"completeness" may well account for any dis-
crepancies (1, 2).
The ammoniated silver and ammoniated
silver carbonate technics, when made intense,
are particularly troublesome. Besides unques-
tionable nervous structures—large trunks,
sensory endings—they bring forth a network
of argyrophilic "ribbons," which were and arc
considered by many histologists to be of
vegetative or sympathetic nature (3—7). Those
ribbons should actually represent bundles of
very thin fibers, but instead they display
most often a granular and vacuolar appear-
ance (8). Uneven fixation and silver deposi-
tion may be responsible for the irregular ap-
pearance (9). But, the poor specificity of the
tecbnics and their capacity to stain glia and
reticulin have been commented on by many
observers (10—12). We believe that silver
staining does not demonstrate the tiny axons
of the sensory and autonomic systems con-
sistently enough, and that light microscopy is
unable to differentiate the intimate structnre of
those pathways.
Whereas a large number of publications deal
with the ultrastructure of innervation in vis-
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cera, relatively few are primarily oriented to
the skin. The cutaneous receptor organs (13—
15) and the Pacinian corpuscle (16) have been
described. Autonomic innervation about the
sweat glands (17) or about the vessels (18) has
been investigated occasionally.
Except for brief reports (19, 20), studies
primarily descriptive of the superficial nerv-
ous bundles have not been made. We have
studied these structures and, although not
able to furnish new data about the funda-
mental structure of the axons and their re-
lationships to their satellite Schwann cells and
membranes, we have been impressed by the
many nerve bundles in the skin observed in
electron microscopy. In addition, we wish to
comment briefly on the relatively large num-
ber of unmyclinated axons and the abundance
of the collagen fibrils inside of the perineurium.
MATERIAL AND METHODS
Foreskin of the newborn was extensively used
for this study, tbe common practice of circumci-
sion making it convenient to use this material
for electron microscopy and for enzyme and silver
preparations.
Data on samples from normal skin of the trunk
and digit of adults and elderly people were in-
cluded in this study in an attempt to recognize
any significant change of structure because of
aging.
The pieces were fixed in Dalton's (21) or Pa-
lade's (22) solution and embedded in an epoxy
resin (EPON 812); sections were cut on a Porter-
Blunt microtome, stained with uranyl acetate,
and examined in an electron microscope (RCA-
EMU3).
The silver tecbnics mentioned are the simple
silver method for axoplasm (23) and the Bids-
chowsky-Gros-Jabonero (24) and the Van Cam-
penhout technic (25).
RESULTS
The "fundamental structural unit," the
Schwann cell and its satellite unmyelinated
axonS, is particularly well observed in cross-
sections (Fig. 1). Such relationships in other
tissues of the body have been documented ex-
tensively in the last few years (26—29).
The Schwann cell is round, oval, or polyg-
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Fm. 1. Ten axons (A) are associated with a Schwann cell (5); these mesaxons (M) are
clearly demonstrated. On the left, is a complex disposition where two or three axons share
a common mesaxon. The Sehwann cell cytoplasm is devoid of many organdIes. The base-
ment membrane (B) is evident and isolates the Sehwann cell from the collagen fibrils. (Scale
= O.li) (X 85,464.)
onal. When observed, the nucleus is round or
oval, with a wavy outline; the ehromatin ap-
pears distributed regularly in small granules,
with some condensation at the periphery in-
side of the nuclear membrane. The cytoplasm
of the Sehwann cell includes granules, vesieles,
and mitoehondrias that are more or less clearly
seen. The plasma membrane is seen as a single
dark line.
The axon is round or oval; the axoplasm is
clear, similar to that of the Sehwann cells
with some mitoehondria and granules. The
axolemma appears clearly as a dark line, al-
ways kept apart from the plasma membrane
of the Sehwann cell by a clear, narrow, and
regular space.
The axons are always associated with
Sehwann cells; they apply to the plasma
membrane of the Sehwann cell and repel it
in such a fashion that they lie in grooves of
_\
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Fm. 2. Three cross-sections of Schwann cell processes with their satellite axons of varied
diameter. Basement membrane and collagen fibrils are easily observed. (Scale = 0.1) (x
59,480.)
that membrane, when the axons are deeply
situated, the lips of that groove come almost
into contact, and form the mesaxon. There is an
axon for one groove and one mesaxon; how-
ever, it is not nncommon to find two or three
axons sharing one groove and one mesaxon
(Fig. 1).
As many as 12 fibers may be found, all
around the circumference of a Schwann cell,
but most commonly there are 5 or 6. At
lower magnification, it appears to be a bundle
of fibers in the cytoplasm. The diameter of the
fiber is variable (Fig. 2) and is usually be-
tween 0.2 and 2 mt. Sometimes, one of the
fibers appears dilated and very clear, with a
few granules only; this possibly could repre-
sent the headed structure of conventional
microscopy.
As shown by Elfvin (30), the basement mem-
brane is present all around the Sehwann cells
(Fig. 1); it is a structureless, dense band, ap-
proximately 250 Angstroms thick, 150 A away
from the plasmatie membrane; it never en-
ters the grooves of the mesaxon and thus
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FIG. 3. In this medium-sized dermal nerve, two myelinated axons (MA) (one at the level
of the Sehwann nucleus) and two Schwann cells (S) with many unmyelinated axons are sur-
rounded by numerous collagen fibrils (C). Note the monolayered perineurium (P). (Scale
1) (X 16,344.)
jumps over the axons and the mesaxons so that
the axons always remain inside of it.
The myelinnted fibers are easily recognized
(Fig. 3). The nxon is rather large, filled with
granules, vesieles, and mitoehondria. The
myelin sheath displays a lamellated struc-
ture with its characteristic periodicity (30);
the number of lamellae is approximately 14
(Fig. 4). Sometimes there is a partial separa-
tion of the myelin lamellae; this is interpreted
as the Lanterman-Schmidt ineisures (31). The
cytoplasm of the Sehwann cell that is present
outside the myelin sheath is rather abundant.
We have observed only one myelinated fiber for
one Sehwann cell in the papillary dermis.
The number of fundamental nerve units in
the cutaneous trunks may vary greatly.
Whereas the trunks in the low and middle
dermis may contain as many as 10 or 12
units, the most superficial and thinnest ones
have 2 or 3 or sometimes only 1 (Fig. 4 and 5).
Longitudinally oriented collagen fibers are
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FIG. 4. The lamellar, periodic structure of myehn is demonstrated in this cross-section of a
myelinated fiber under the epidermis. (Scale = O.le) (X 83,304.)
extremely numerous between the Schwann
cells and between the Sehwaim cells and the
perineurium (Fig. 1 and 3). The fibers always
remain outside the basement membrane. A
peculiar picture, noted by Gamble (32) and
Gamble and Eames (33) and called the "col-
lagen pocket," was observed. This pocket in-
cludes dense bundles of collagen fibers lying in
a groove of the Schwann-ccll plasma mem-
brane but situated outside the basement mem-
brane or enclosed between two layers of it
(Fig. 6). The collagen fibers are never in direct
contact with the Sehwann cell, in contrast to
their relationship elsewhere with the fibro-
eytes of the dermis.
Interestingly, the diameter of all those
fibrils inside of the nerve trunks and that of
the fibrils most closely applied to the external
surface of the perineurium have a diameter
half that of the collagen fibrils of the connective
tissue at some distance of the perineurium
(Fig. 3 and 6). Most probably, they correspond
to the retieulin fibers of conventional histology.
In the newborn prepuce, the collagen fibrils
4
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FIG. 5. A large bundle of arnyelinated fibers ensheathed in a few Sehwann cells. Note the
double and triple layered perineunal sheath (P). B = basement membrane. (Scale l/L)
(X 15,800.)
are already numerous but remain loosely
distributed between the units (34) ; in tbe
adult, they tend to be even more numerous and
to fill the endoneurial space with a dense
"felt" work.
The nerves are separated from the dermal
tissues by the so-called perineurial sheath (Fig.
3, 5, and 6). This is formed by a few flat-
tened cells wrapped all around the nerve-like
"onion" layers; their thickness is from 100 to
200 m to 1 mt but much more when the
nucleus is present. The characteristic base-
ment membrane is not always so obviously
demonstrated about cutaneous nerves in the
papillary dermis as it is elsewhere in the body.
Some collagen fibers are scattered between
layers of cellular lamellae of the perineurial
sheath as shown by Röhlieh and Knoop (35)
and by Shanthaveerappa and associates (36).
The tiny nerves in the upper dermis of-
ten are composed of one or two Sehwann
cells, with only a very few axons and some-
times one Sehwann cell with two or three
axons. In this instance, the perineurium is
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FIG. 6. A small trunk displays three Schwann cells (S) in cross-sections, with their un-
myelinated fibers. A bundle of collagen fibrils (C) surrounded by a thick fold of basement
membrane (B) is engulfed in a Schwann-cell process. Note the two separate layers of pen-
neurium (P); the external layer is associated with nucleus and a prominent basement mem-
brane. Note the diameter of the collagen fibrils inside and outside of the perineurium.
A axon. (Scale = lti) (X 15,552.)
normally reduced and may consist of a simple
cell extending as a ring around the unit and the
enclosed collagen fibers; in some areas, this
epineunial coating is only partial. Close to the
dermal-epidermal junction, the perineurium is
most often absent (Fig. 7). A similar feature
has been emphasized recently by Stoekinger
(37) in his study of tooth innervation.
Transitional areas between adjacent Sehwann
cells, with overlapping and juxtapositioning of
their tapering processes, may give rise to in-
tricate neuroid figures as pointed out by
Elfvin (26) and Yamada and Miyake (17). Ac-
tual and accurate interpretation may be difficult
on occasion. This is particularly true in oblique
sections which frequently result because nerve
bundles are wavy and tortuous. However, it is
possible to recognize in most oblique sections
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Fic. 7. A small bundle in subepidermal position. The Scbwann cell (5) is associated with
six axons (A) and a basement membrane (B). No pcrineurium is present. The cytoplasmic
processes, seen above and below the Schwann cell, are devoid of basement membrane and
are certainly fibroblastic processes. F fibroblast; F epidermis; D desmosome. (Scale
= ljz) (X 22,608.)
the perincurial elements, the collagen fibrils,
the basement membrane, plasma membrane
and cytoplasm of the Sehwann cells, and the
axolemma, as well as recognize, in the center,
the axoplasm with its longitudinal striations
or neurofilaments (Fig. 8).
COMMENTS
Enzymes and silver preparations have
demonstrated a high density of nerves; in
papillary dermis, nevertheless, considering the
small dimensions of the blocks used in elec-
tron microscopy, we were surprised to find so
many nerves appearing at all levels. Two
special facts might account for increased nerve
density: Most samples were taken from new-
born tissue and, specifically, from a highly in-
nervated area, the prepuce.
The plexuses of nerve fibers in normal skin
taken in healthy adults (thigh, trunk, forearm)
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Fic. S. A small bundle in oblique section demonstrates, on the left, that two Schwann-cell
processes are associated with axons cut almost longitudinally and with longitudinal stria-
tion. On the right, the nerve bundle bends and there is almost a cross-section. (Scale =l)
(X 16,560.)
were obviously more widely separated. How-
ever, it was not difficult to locate nervous path-
ways. Again, the number of nerve fibers in the
papillary dermis was much more impressive in
electron microscopic preparations than in the
silver preparations from the same areas.
There were many more unmyelinated axons
than would be expected from our previous
studies; on the best silver preparations, the
nerve bundles never appeared so rich in fibers,
and we believe that these data are of utmost
importance—the best silver stain is unable to
demonstrate all the tiny fibers. Obviously, one
explanation is the inability of the conventional
light microscope to resolve objects less than
0.3 or 0.2 p. in diameter, as emphasized by
Richardson (38) and Taxi (39); furthermore,
it is questionable whether light microscopy is
able to separate clearly so many fibers, coated
with silver and closely packed together.
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In contrast, the myelinated fibers were sur-
prisingly few in the newborn prepuce or in the
adult skin. No intermediary stage of myelini-
zation was recognized, even in the newborn. If
confirmed, this may indicate that the normal
amounts of myelinated and nonmyelinated fi-
hers are already present at birth.
It is probable that most of these nonmyeli-
nated fibers are sensory ones; the few myeli-
nated ones would not account for the sensory
ability of the tissue. It means, too, that bundles
of tiny fibers described as autonomie in the
dermal papillae by many observers, using silver
teehnies, may be either sensory or autonomic.
It is impossible to separate sensory and auto-
nomie fibers by their morphology alone.
We had recently re-evaluated a ease of con-
genital sensory neuropathy (40) in which there
was complete absence of typical sensory end-
ings, as demonstrated by light and ultramieros-
copy; tiny fibers were present only about the
sweat glands and the vessels, with a few fibers
extending along the duets and fewer yet reach-
ing the superficial layers at the dermis. This
appears as the clear-cut demonstration of the
generally specific distribution of the autononiie
pathways around the glands and vessels and,
as a corollary, of the sensory fibers in the
papillary dermis.
The presence of so many collagen fibrils in-
side the nerves, between the Schwann cells and
the perineurium, and between the Sehwann cells
themselves was an unexpected and significant
finding. Some retieular coating of the nerve
fibers as expressed by Laidlaw (41), Plenk
(42), and Masson (43) should not account for
this abundance of longitudinally oriented, regu-
larly disposed fibers—even organized occasion-
ally in a "collagen pocket." If one recognizes
that the nerve staining deviates easily into
glial and reticular staining (many silver tech-
nics for reticulin are rather similar in their
chemistry to nerve staining), one must admit
that the close juxtaposition of axons, Schwann
cells, mesaxons, and retieulin makes the prob-
lem of the specificity of staining axons difficult,
if not impossible, at least with the silver tech-
nies available at the present time.
The collagen "feltwork" inside of the nerves
apparently increases with aging. This is a new
sign of neural aging of the skin to add to the
changes in quality and quantity of sensory
end-organs previously described (44).
Our findings make it apparent that the con-
ventional silver staining and light microscopy
study are inadequate for a detailed investiga-
tion of the cutaneous innervation and that the
electron microscope should provide us with a
more specific representation of the neuron net-
works and of nerve terminations. Our data
have already raised new questions as well as
providing a solution to the problems of inter-
pretation of silver staining technics.
sUMMARY
Electron microscopic study of the innerva-
tion of the papillary dermis demonstrated very
dense networks of nerves. The nomnyelinated
fibers were much more numerous inside of each
nerve bundle than was expected, and many
bundles contained only nonmyelinated fibers.
The myelinated fibers were infrequently found.
With the exception of very small superficial
nerves, a complex perineurial sheath was al-
ways present. A characteristic basement mem-
brane was always present, all around the
Sehwann cells and over the mesaxons, even in
the smallest nerves. Collagen fibrils were
strikingly numerous inside of the epineurium
and between the Schwann cells and increased
with aging. Silver impregnation methods and
the light microscope are inadequate to demon-
strate completely the architecture of periph-
eral nerve structures and many silver artefacts
may be produced by staining of the admixture
of reticulin, cellular, and axon components.
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